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[Name of the Document] DESCRIPTION 

[Name of the Invention] INTRAVENOUS N ANOP ART I CLE S FOR 

TARGETING DRUG DELIVERY AND SUSTAINED DRUG RELEASE 
[Claims] 

5 [Claim l] Intravenous nanoparticles for targeting drug 

delivery and sustained drug release, characterized in that a 
low-molecular weight, water-soluble and non-peptide drug is 
made hydrophobic by metal ion and is encapsulated in 
nanoparticles formed with poly ( lactic-co-glycolic acid) or 
10 poly (lactic acid), and a surfactant is applied to the surface 
of the nanoparticles of poly ( lactic-co-glycolic acid) or 
poly (lactic acid) . 

[Claim 2] The intravenous nanoparticles for targeting drug 
delivery and sustained drug release according to claim 1, 
15 wherein the particles have a diameter of 100 to 300nm. 

[Claim 3] The intravenous nanoparticles for targeting drug 
delivery and sustained drug release according to claim 1 or 2 , 
wherein the low-molecular weight, water-soluble and non- 
peptide drug has a molecular weight of 1000 or lower. 
20 [Claim 4] The intravenous nanoparticles for targeting drug 
delivery and sustained drug release according to any one of 
the claims 1 to 3, wherein the metal ion is any of zinc, iron, 
copper, nickel, beryllium, manganese, and cobalt. 
[Claim 5] The intravenous nanoparticles for targeting drug 
25 delivery and sustained drug release according to any one of 
the claims 1 to 4, wherein the low-molecular weight, water- 
soluble and non-peptide drug has a phosphate group to make the 
drug susceptible to hydrophobicization by the metal ion. 
[Claim 6] The intravenous nanoparticles for targeting drug 
30 delivery and sustained drug release according to any one of 
the claims 1 to 5 , wherein the low-molecular weight, water- 
soluble and non-peptide drug has a carboxyl group to make the 
drug susceptible to hydrophobicization by the metal ion. 
[Claim 7] The intravenous nanoparticles for targeting drug 
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delivery and sustained drug release according to any one of 
the claims 1 to 6 , wherein the low-molecular weight, water- 
soluble and non-peptide drug is a steroidal anti- inflammatory 
drug, a non-steroidal anti-inflammatory drug, a prostanoid, an 
5 antimicrobial drug, or an anticancer drug. 

[Claim 8] A method for producing intravenous nanoparticles 
for targeting drug delivery and sustained drug release, 
comprising the steps of: 

hydrophobicizing a low-molecular weight, water-soluble 
10 and non-peptide drug by the use of metal ion; 

dissolving or suspending, along with a poly ( lactic-co- 
glycolic acid) or a poly (lactic acid) , the hydrophobicized 
drug in a water-miscible organic solvent; and 

adding the resulting solution or the suspension to an 
15 aqueous solution of a surfactant. 

[Claim 9] The method for producing intravenous nanoparticles 
for targeting drug delivery and sustained drug release 
according to claim 8, wherein the a water-miscible organic 
solvent is any of acetone, acetonitrile , ethanol, propanol, 
20 dimethyl sulfoxide or dioxane. 

[Claim 10] The method for producing intravenous nanoparticles 
for targeting drug delivery and sustained drug release 
according to claim 9, wherein the surfactant is a 
polyoxyethylene polyoxypropylene glycol, a polysorbate, a 
25 polyoxyethylene octylphenyl ether, lecithin, or a 
polyvinylalcohol . 
[Disclosure of the present invention] 

[OOOI] 
[Technical field] 
30 The present invention relates to intravenous 

nanoparticles encapsulating low-molecular weight, water- 
soluble and non-peptide drugs that are intended for the 
purposes of targeting drug delivery and sustained drug release. 
Specifically, the present invention relates to intravenous 
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nanoparticles which can deliver low-molecular weight, water- 
soluble and non-peptide drugs to target lesion site where the 
particles gradually release the drugs over a prolonged period 
of time, and a production method thereof. 
5 [0002] 

[Background art] 

Many researchers have developed and proposed poly (lactic- 
co-glycolic acid) (PLGA) or poly (lactic acid) (PLA) 
microparticles and nanoparticles that encapsulate low- 
10 molecular weight, water-soluble drugs. 

For example, PLGA microcapsules containing 
physiologically active polypeptides and a production method 
thereof (see Patent reference 1), and PLGA nanoparticles for 
intravascular administration containing various therapeutic 
15 agents are developed (see Patent reference 2). Also, a 

sustained-release formulation comprising PLGA microcapsules 
encapsulating physiologically active, water-soluble peptide 
compounds, which were prepared in the form of water- insoluble 
or hardly water-soluble polyvalent metal salts is developed 
20 (see Patent reference 3). 
[0003] 

However, none of these patent publications mention or 
suggest the concept of hydrophobicizing a low-molecular weight, 
water-soluble and non-peptide drug with the use of metal ions 
25 prior to the encapsulation of the drug into nanoparticles so 
as to make intravenous nanoparticles suitable for the 
targeting delivery and sustained release of drugs. 
[0004] 

The present inventors also have filed patent applications 
30 (e.g., Japanese Patent Application No. 2002-159190) concerning 
formulations comprising poly ( lactic-co-glycolic acid) (PLGA) 
or poly (lactic acid) (PLA) nanoparticles. The nanoparticles 
suggested by the present inventors, however, could only offer 
a low encapsulation efficiency of the low-molecular weight, 
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water- soluble drugs . 
[0005] 

[Patent reference 1] US 4,652,441 (claims 1, 4) 

[Patent reference 2] Japanese National Publication No, Hei 10- 
5 (page 21 to 22) 

[Patent reference 3] 511957 Japanese Patent Laid-Open 
Publication No. Hei 8-217691 (Detailed description of the 
invention, [0004], [0009]) 
[0006] 

10 [The problem to be solved in the invention] 

Accordingly, it is an objective of the present invention 
to provide intravenous nanoparticles encapsulating a low- 
molecular weight, water-soluble and non-peptide drug that are 
capable of targeting a specific lesion site and are less 

15 likely to burst at an early stage of administration so that 

they can gradually release the drug at the lesion site over a 
prolonged period of time. It is another objective of the 
present invention to provide a simple method for preparing 
such intravenous nanoparticles that enables large-scale 

20 production of the product. 
[0007] 

In another words, the present inventors developed a 
simple method for encapsulating a low-molecular weight, water- 
soluble and non-peptide drug into PLGA or PLA nanoparticles 
25 and nanoparticles for targeting drug delivery and sustained 
drug release. 
[0008] 

[Means to solve the problem] 
Specifically, the present inventors have examined the 
30 possibility of allowing such low-molecular weight, water- 
soluble and non-peptide drugs to bind to metal ion to impart a 
hydrophobicity to the drugs, thereby facilitating 
encapsulation of the drugs into PLGA or PLA nanoparticles. 

[0009] 
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Specifically, the intravenous nanoparticles of the present 
invention designed for targeting drug delivery and sustained 
drug release comprise a low-molecular weight, water-soluble 
and non-peptide drug that has been hydrophobicized with a 
metal ion and has been encapsulated in PLGA or PLA 
nanoparticles with a surfactant subsequently applied to their 
surfaces . 

[0010] 

In this regard, it has been found that the nanoparticles 
of the present invention are most effectively uptaken by the 
target lesion site when they have a diameter of 100 to 300nm. 
The nanoparticles having a diameter less than lOOnm tend to be 
uptaken by regions other than the intended lesion sites and 
are therefore undesirable, as are the nanoparticles having a 
diameter larger than 300nm, which is not suitable for the 2 
objective of the invention; sustained drug release and 
targeting. 

[oon] 

Among the metal ions suitable for this purpose are zinc 
ion, iron ion, copper ion, nickel ion, beryllium ion, 
manganese ion, and cobalt ion. 
[0012] 

Of these, zinc ion and iron ion are particularly 
preferred. 
[0013] 

The low-molecular weight, water-soluble and non-peptide 
drug of the present invention preferably includes a phosphate 
group so that the drug can readily bind to the metal ion to 
become hydrophobic. 
[0014] 

The low-molecular weight, water-soluble and non-peptide 
drug of the present invention preferably includes a carboxyl 
group so that the drug can readily bind to the metal ion to 
become hydrophobic. 
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[OOIS] 

Preferably, the low-molecular weight, water-soluble and 
non-peptide drug has a molecular weight of 1000 or less. 
[0016] 

5 While various drugs can be used as the low-molecular 

weight, water-soluble and non-peptide drug in the present 
invention, particularly preferred are water-soluble steroidal 
anti-inflammatory agents, non-steroidal ant i- inflammatory 
agents, prostanoids, antimicrobial agents, and anticancer 
10 agents. 
[0017] 

In one exemplary process of the present invention, the 
intravenous nanoparticles are produced in the following 
manner: The low-molecular weight, water-soluble and non- 
15 peptide drug is first bound to the metal ion to make the agent 
hydrophobic. The drug is then dissolved or suspended, along 
with PLGA or PLA, in a water-miscible organic solvent. The 
resulting solution or suspension is added to an aqueous 
solution of a surfactant and the mixture is stirred to obtain 
20 the desired nanoparticles. 
[0018] 

Examples of the water-miscible organic solvents for use 
in the present invention include, but are not limited to, 
acetone, acetonitrile , ethanol, methanol, propanol, 
2 5 dimethylf ormamide, dimethylsulf oxide , dioxane, and mixtures 
thereof . 
[0019] 

Examples of the surfactants include polyoxyethylene 
polyoxypropylene glycols , polysorbates , polyoxyethylene 
30 octylphenyl ethers, lecithin, and polyvinylalcohol . 
[0020] 

Preferably, the nanoparticles of the present invention so 
produced are purified by centrif ugation , gel filtration, fiber 
dialysis, or ultrafiltration and are subsequently freeze-dried 
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for storage to ensure the stability of PLGA or PLA as 
ingredient . 
[002l] 

Upon f reeze-drying, a stabilizing agent and an 
5 isotonizing agent are preferably added to the nanoparticles 
suspension so that the freeze-dried preparation can be 
resuspended for administration. Preferred examples of the 
stabilizing agent and isotonizing agent include sucrose and 
trehalose, which are preferably added in the rage of 1 to 20%. 
10 [0022] 

The nanoparticles prepared in the above -described manner 
are intravenously administered to target various inflammatory 
sites, vascular lesions, infected sites, and malignant tumor 
tissues where the particles effectively accumulate and 
15 sustainedly release the encapsulated low-molecular weight, 
water-soluble and non-peptide drug over time to provide the 
desired biological activities for a prolonged period of time. 
[0023] 

Thus, in order for the nanoparticles to be usable as a 
20 medical formulation, it is important to control, depending on 
the intended purposes, the surface properties and the particle 
size of the nanoparticles , as well as the encapsulation rate 
and the release profile of the low-molecular weight, water- 
soluble and non-peptide drug. For instance, the surface 
25 properties of the nanoparticles can be controlled by using 

different types of surfactants. Adjusting the particle size of 
the nanoparticles is important also because the distribution 
of the nanoparticles within living body is strongly influenced 
by the particle size. To this end, the size of the 
30 nanoparticles is adjusted by taking into account how well the 
particles accumulate to different lesion sites (e.g., 
inflammatory sites, vascular lesion sites, infected sites, and 
malignant tumor tissues). Specifically, the particle size can 
be adjusted by controlling the conditions during the 
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preparation of the nanoparticles , including the rate at which 
the aqueous phase is stirred, the amount of the organic 
solvent used, and the rate at which the organic solvent is 
added to aqueous phase. 
5 [0024] 

The efficiency of encapsulation of the low-molecular 
weight, water-soluble and non-peptide drug largely depends on 
the physical properties of the low-molecular weight drug. 
Specifically, this is done by allowing the low-molecular 

10 weight, water-soluble and non-peptide drug to bind to a metal 
ion in such a manner that the drug forms water- insoluble 
precipitates. For that purpose, such functional groups as 
phosphate and carboxyl, which are capable of binding to the 
metal ion, are preferably introduced into the molecules of the 

15 low-molecular weight, water-soluble and non-peptide drug. It 
is also required that any functional groups present in the 
drug molecules that do not participate in, or interrupt, the 
formation of the precipitation with the metal ion must be 
protected with proper protective groups. Furthermore, the type 

20 and amount of the organic solvent used and the rate at which 

the organic solvent is poured also affect the particle size of 
the nanoparticles and therefore need to be optimized. 
[0025] 

To evaluate the nanoparticles of the present invention, 
25 it is essential to construct in vitro or animal (in vivo) 
models suitable for the evaluation of PK/PD 
(pharmacokinetics /pharmacodynamics) of the nanoparticles. 
[0026] 

As described above, the present invention has achieved a 
30 high encapsulation rate of the low-molecular weight, water- 
soluble and non-peptide drug into the PLGA or PLA 
nanoparticles by the use of metal ions to impart a 
hydrophobicity to the drug. The present invention allows the 
simple, industrial- scale production of the intravenous 
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nanoparticles designed for the purpose of targeting drug 
delivery to target lesion sites where the particles can 
gradually release the drug over a prolonged period of time. 
[0027] 

5 The present invention will now be described in detail 

with reference to examples and test examples. 

[Example l] Formation of water-insoluble precipitates of low- 
molecular weight, water-soluble and non-peptide drug with 
10 metal ion 

Each phosphate-containing compounds was dissolved in a 
0 . 2M Tris-HCl buffer solution (pH7.8) to a concentration of 
20mM. The solution was then added to equal volume of lOOmM 
aqueous solutions of different metal ions. The turbidity of 

15 each of the resulting mixtures was observed. 

As can be seen from the results of Table 1, a significant 
turbidity and precipitate formation were observed in each of 
the phosphate- containing compounds in the presence of zinc, 
iron (ferric or ferrous), or copper ion. 

20 When the molar ratio of the betamethasone phosphate to 

zinc ion and the molar ratio of riboflavin phosphate to zinc 
ion were varied to examine the amounts of the resulting 
precipitates, the precipitate formation was most significant 
for each of the low-molecular weight compounds when the molar 

25 ratio with respect to zinc ion was approximately 1. 
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Table 1: Formation of precipitates of low-molecular weight, water-soluble and non- 



peptide drugs with metal ions 





Low-molecular weight, water-soluble and non-peptide drugs 


Naphthyl 
e 


betamethason 


Dexamethason 


ribof lavi 
n 

phosphate 


Tris-HCl 

buffer 
solution 
( 0 . lM/pH7 . 8 
) 


Metal ions J 


NiCl 2 






+ 






CuCl 2 




+++ 


+ + + 


+ + + 


_ 


Zn(CH 3 COO 
) 2 


+ + + 


+++ 


+ + + 


+ + + 




ZnCl 2 


+ + + 


+++ 


+ + + 


++ + 




MgCl 2 












FeCl 2 


+ + + 


+++ 


+ + + 


+ + + 




FeCl 3 


+ + + 


+++ 


+ + + 


+ + + 




3N HC1 













The resulting mixture was evaluated as follows: 



the compound was dissolved; 
5 +: the mixture was slightly turbid; 

++: the mixture was significantly turbid; 
+++: the mixture was significantly turbid and a precipitation was 
formed. 
[0028] 

10 (Example 2) Preparation of PLGA/PLA nanoparticles 

Different steroids were dissolved in lOOul water and the 
resulting solutions were each added to 500ul of a 0 . 5M aqueous 
zinc acetate solution or 500ul of a 0 . 5M aqueous ferrous 
chloride solution. Each mixture was centrifuged at 12,000rpm 

15 for 5min and the supernatant was discarded to obtain 

precipitates in the form of zinc-steroids or iron- steroids . To 
the precipitates, 500ul of acetone, an acetone/acetonitrile 
mixture, or an acetone/ethanol mixture dissolved 20mg PLGA or 
PLA (WAKO PURE CHEMICAL INDUSTRIES LTD.) were added 

20 respectively. To each of the resultant solutions, an aqueous 
solution of zinc acetate was added and the mixture was allowed 
to stand for 2 hours at room temperature. Subsequently, the 
solution (or suspension) was added at the rate of lml/min via 
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a 2 7G syringe to a 0.5% aqueous solution of Pluronic F68 (a 
nonionic high-molecular weight surfactant) stirring at 400rpm, 
to give nanoparticles . The resultant nanoparticles were 
stirred for 1 to 2 hours at room temperature, and a 0.5M 
5 aqueous solution of EDTA (pH8) was added (0.4 by volume). The 
mixture was then centrifuged at 20,000G for 20min. Following 
the removal of the supernatant, the residue was resuspended in 
water and the suspension was again centrifuged to wash the 
nanoparticles . The resulting nanoparticles were added to a 2N 

10 aqueous solution of NaOH to decompose PLGA/PLA, and the 

steroid content in the nanoparticles was determined by HPLC. 
Similarly, the amount of water- insoluble steroid was 
determined for the nanoparticles prepared by different method 
without metal ions . 

15 Furthermore, precipitates formed by mixing 5mg 

betamethasone phosphate with zinc were dissolved in varying 
volume of acetone and then encapsulation efficiency of 
betamethasone phosphate incorporated in the nanoparticles was 
determined in the same manner as described above. 

20 As shown in Table 2, the use of the precipitates of the 

steroid phosphates that were generated through the addition of 
zinc or ferrous ion (i.e., BP-Zn, BP-Fe, DP-Zn, and HP-Zn) 
significantly increased the encapsulation rate of the 
respective steroids into PLGA nanoparticles, as opposed to the 

2 5 cases of the steroid phosphates provided in the form of sodium 
salts, each of which showed substantially no incorporation 
into the nanoparticles . 

Table 3 shows the encapsulation rates of betamethasone 
phosphate into PLGA nanoparticles obtained by varying the 

30 amount of the solvent, acetone, while maintaining the amounts 

of PLGA and betamethasone phosphate. As can be seen from these 
results, the nanoparticles formed aggregates in 500]il or less 
of acetone. The particles on the other hand remained stably 
dispersed in 700jil acetone while showing a high encapsulation 
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rate of betamethasone phosphate into the nanoparticles . 
Although the nanoparticles were stably dispersed in 700pl or 
more acetone, the encapsulation rates gradually decreased as 
the amount of acetone was increased. 

Table 2: Encapsulation of steroids into PLGA nanoparticles 



Steroids 


betamethasone 


betamethasone 
acetate . 


BDP 


BP-Na 


BP-Zn 


Steroid/nanoparticle 
(wt%) 


0.01 


0. 15 


0.47 


0 


2.03 


Steroids 


BP-Fe 


DP-Na 


DP-Zn 


HP-Na 


HP-Zn 


Steroid/nanoparticle 
(wt%) 


1.15 


0 


1.15 


0 


1.05 



BDP : betamethasone dipropionate 



BP: betamethasone phosphate 
DP: dexamethasone phosphate 
HP: hydrocortisone phosphate 



Table 3 : Effects of the volume of acetone on the encapsulation 

rate of betamethasone phosphate into PLGA 
nanoparticles . 



Amounts of 
acetone (ul) 


500 


700 


900 


1100 


1300 


1500 


Steroid/nanoparticle 
<wt%) 


* 


7.34 


4.28 


3.46 


2.71 


1.93 



* Data not obtained because of particle aggregation 



[0029] 

(Example 3) Steroid release profile from PLGA/PLA 
nanoparticles 

5mg betamethasone phosphate was dissolved in lOOul water 
and the solution was added to 500pl of a 0 . 5M aqueous solution 
of zinc acetate. The mixture was then centrifuged at 12, OOOrpm 
for 5min and the supernatant was discarded to obtain a zinc- 
steroid precipitate. To the precipitate, 500pl of acetone 
dissolved 20mg of PLGAs or PLAs with different molecular 
weights was added. The solution was allowed to stand for 2 
hours at room temperature and was subsequently added, at a 
rate of lml/min with a 27G syringe, to a 0.5% suspension of 
either Pluronic F68 (a nonionic high-molecular weight 
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surfactant) or lecithin that had been stirred at 400rpm. The 
resulting nanoparticles were stirred for 1 to 2 hours at room 
temperature. Following the addition of EDTA, the nanoparticles 
were subjected to ultrafiltration on Centriprep YM-10 (Amicon) 
5 for concentration and washing. The nanoparticles were then 

suspended in a mixture of FBS (fetal bovine serum) /PBS (v/v=l) 
at a 500pg/mL PLGA concentration and, after a predetermined 
period of time, a 0 . 5M aqueous solution of EDTA (pH8) was 
added (0.4 by volume). The suspension was then centrifuged at 

10 20,000G for 30min and the supernatant was discarded. The 

residue was resuspended in water and the suspension was again 
centrifuged to wash the nanoparticles . The resulting 
nanoparticles were added to a 2N aqueous solution of NaOH to 
hydrolyze PLGA/PLA, and the steroid content in the 

15 nanoparticles was determined by HPLC. 

It was demonstrated that the nanoparticles encapsulating 
BDP (betamethasone dipropionate) , a hydrophobic steroid, and 
prepared according to the method previously proposed by the 
present inventors (Japanese Patent Application No. 2002- 

20 159190) released a significant amounts of betamethasone at an 
early stage with approximately 90% or more of betamethasone 
having been released after 6 days. In contrast, the 
nanoparticles prepared according to the method of the present 
invention, in which the steroid 1 s initial bursting release is 

25 significantly reduced, released the steroid in a more gradual 
manner and were able to release it over an extended period of 
time. It has also been demonstrated that the nanoparticles 
made of PLGA or PLA with small molecular weights tend to 
release the steroid at an earlier stage and that the 

30 nanoparticles made of PLGA tend to release the steroid earlier 
than those made of PLA. 
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Table 4: Release of betamethasone from nanoparticles 



PLGA/PLA 


Cumulative betamethasone released (%) 


5hrs 


Dayl 


Day2 


Day 4 


Day8 


Dayll 


Day 20 


PLA 
(Mw 20000) 


27 


53 


64 


79 


97 


98 


100 


PLGA 
(Mw 10000) 


0 


17 


29 


35 


60 


70 


93 


PLGA 
(Mw 20000) 


0 


11 


18 


34 


47 


53 


62 


PLA 
(Mw 10000) 


0 


12 


13 


25 


28 


30 


38 


PLA 
(Mw 20000) 


0 


3 


4 


8 


10 


14 


31 



[0030] 

(Example 4) Release profile of steroids from nanoparticles 
internalized by macrophages 



5 Macrophages were collected from the abdominal cavities of 

mice that had been stimulated by intraperitoneal 
administration of 1.5ml of 10% proteose peptone. The cells 
were inoculated at 6 x 10 5 cells/12 wells and were cultured 
overnight in Macrophage -SFM medium (Gibco) . Subsequently, the 

10 culture medium was replaced, and the PLGA or PLA nanoparticles 
prepared according to the procedures described in Example 3 
were added. The cells were incubated at 37° C for another 2 
hours. Subsequently, the cells were washed 8 times with PBS 
and the medium, and the amount of betamethasone in the medium 

15 was determined at pre -determined intervals by ELISA method. 

It was demonstrated that the nanoparticles encapsulating 
BDP (betamethasone dipropionate) , a hydrophobic steroid, and 
prepared according to the method previously proposed by the 
present inventors (Japanese Patent Application No. 2002- 

20 159190) had released most of betamethasone as early as after 2 
days. In contrast, the nanoparticles prepared according to the 
method of the present invention showed a nearly linear release 
profile during the first 2 to 3 -day period and continued to 
gradually release betamethasone for a succeeding period. 

25 
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Table 5: Release profiles of betamethasone from macrophages internalizing 



nanopartlcles 





Cumulative betamethasone released (%) 


2hrs 


4hrs 


lOhrs 


Dayl 


Day2 


Day 3 


Day5 


Day7 


Control 
nanopartlcles* 1 


26 


42 


68 


86 


96 


97 


98 


99 


Nanopartlcles of 
the present 
invention* 2 


3 


4 


11 


27 


64 


77 


89 


96 



*1: Nanopartlcles prepared using PLA (MW 10,000) (Japanese Patent 



Application No. 2002-159190) 
5 *2: Nanopartlcles prepared using PLGA (MW 10,000) 
[0031] 

(Example 5) Evaluation of dispersion stability of the 
nanopartlcles 

The acetone solutions prepared according to the 

10 procedures described in Example 3 were added dropwise to 
aqueous solutions of different surfactants to obtain 
nanopartlcles. The resulting nanopartlcles were concentrated, 
washed, purified, and were then freeze-dried in 10% sucrose 
solutions. The freeze-dried nanopartlcles were resuspended in 

15 water and particle sizes of the particles were measured using 
a light -scattering photometer. 

Differences were observed among the surfactants in the 
size depending on the variations of the surfactants. Also, the 
nanopartlcles prepared with a polyoxyethylene polyoxypropylene 

20 glycols solution were smallest in size than those prepared 
with other surfactants. The nanopartlcles prepared with a 
polyvinylalcohol solution were largest in size than those 
prepared with other surfactants. Dispersion stability of the 
nanopartlcles were high in both cases. Further, when the 

2 5 concentration of the polyoxyethylene polyoxypropylene glycols 
solution and polysorbates solution are changed, higher the 
concentration is, higher the dispersion stability of the 
nanopartlcles. The agglomeration was observed during freeze- 
drying when the nanopartlcles were prepared with a 

30 polyvinylalcohol solution. In contrast, particle size of the 
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nanoparticles became 152nm (SD±52nm) from 155nm (SD±44nm) 
after freeze drying when prepared with polyoxyethylene 
polyoxypropylene glycols, and polysorbates , thus found that 
re-dispersibility were high. 
5 [0032] 

(Example 6) Accumulation of nanoparticles in inflammatory 
sites 

Inflammation was induced by injecting lOOjil physiological 
saline containing 1% carrageenin in the left hind paw of male 

10 Lewis rats. After 4 hours, single dosages of rhodamine- 

encapsulating nanoparticles of two different sizes (200nm and 
500nm) were injected into a tail vein. 2 hours after 
administration, the resultant leg edema was cut and cryostat 
sections were prepared. The tissue samples were observed with 

15 fluorescence microscopy. 

The intensity of fluorescence observed in tissue sections 
was significantly higher in the group given the 200nm 
nanoparticles than in the group given PBS alone, indicating 
significant accumulation of the nanoparticles in the 

20 inflammatory sites. No significant accumulation of the 

nanoparticles was observed in the group given rhodamine alone 
or the group administered with the 500nm nanoparticles. 
[0033] 

(Example 7) Activity to suppress adjuvant -induced arthritis 
25 Arthritis was induced in 7 -week old Lewis rats, weighing 

130 to 160g and preconditioned for one week, by injecting, 
under ether anesthesia, SOpl of incomplete Freund's adjuvant 
solution (DIFCO) containing 6mg/mL M. Butyricum Desiccated 
(DIFCO) into the left hind paw. The animals were divided into 
30 groups so that there are no significant differences between 

the groups in terms of the volume of the left hind leg of the 
animals. 14 days after administration of M. Butyricum, a 
single dose of 300iig PLA nanoparticles encapsulating 
betamethasone phosphate was administered intravenously to one 

18 
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group. As controls, single doses of 600pg betamethasone 
phosphate or phosphate-buffered saline (PBS) were 
subcutaneously administered. The ability of the nanoparticles 
to suppress inflammation was analyzed by measuring the volume 
5 of the left hind legs before and 5 days after the 

administration of the drug using water displacement technique. 

The results are shown in Table 6 below. The nanoparticles 
of the present invention exhibited, as early as 1 day after 

10 administration, a 45% suppression of the inflammation and 

continued to exhibit a strong effect over a succeeding 5-day 
period. In contrast, administration of 600pg betamethasone 
phosphate dose not show significant suppressive effect against 
inflammation compared to nanoparticles . 

15 Table 6: Abilities of the nanoparticles to suppress adjuvant- 



induced arthritis 



Groups 


Inflammation rate (%) 
after administration (# of days)* 3 


1 


2 


3 


4 


5 


Nanoparticles of the 
present invention 

( Betamethasone 
phosphate 300pg) 


45 


40 


36 


34 


31 


Betamethasone 
phosphate ( 600pg ) 


36 


23 


23 


20 


15 



*: Inflammation rate is found using the mean of 3 mice 
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[Name of the Document] ABSTRACT 
[Abstract] 

[Purpose] The present invention relates to intravenous 
nanoparticles encapsulating low-molecular weight, water - 
5 soluble and non-peptide drugs that are intended for the 

purposes of targeting drug delivery and sustained drug release 
and production method thereof. 

[Means to solve the problem] Provided are poly ( lactic-co- 
glycolic acid) (PLGA) and poly(lactic acid) (PLA) 
10 nanoparticles that encapsulate a low-molecular weight and 

water-soluble drug and can deliver the drug to target legion 
sites where the particles gradually release the drug over a 
prolonged period of time. The nanoparticles are prepared by 
allowing the low-molecular, water-soluble and non-peptide drug 
15 to interact with a metal ion so as to make the drug 

hydrophobic, encapsulating the hydrophobicized drug into PLGA 
or PLA nanoparticles, and allowing a surfactant to be adsorbed 
onto the surface of the particles . 
[Selected Figure] None 

20 
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is 




1/ 


Tris-ci mwm 

(0. 1M, pH7. 8) 


-r 
a- 
>- 


NiCl2 






+ 






CuCl2 




+++ 


+++ 


+++ 




Zn(CH3C00)2 


+++ 


+++ 


+++ 


+++ 




Z11CI2 


+++ 


+++ 


+++ 


+++ 




MgCl2 












FeCl2 


+++ 


+++ 


+++ 


+++ 




FeCla 


+++ 


+++ 


+++ 


+++ 




3N HC1 
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HPLClCT^-yfe^-^O^T-n^ K££5e£Lfc 0 tfz, * 
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Lfz 0 

*)*k£tzV >Wl* -r n <i K^iJtJR (BP-Zn, BP-Fe, DP-Zn, HP-Zn) »>^itt» 

^K^l,*:*? PLGA^'J >g^* ^V^SSr— 5c £ Ltf(7)i 
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m 2 plga i- y n.^fo^n* f-vj k©sa 









BDP 


BPNa 


BPZn 


BPFe 


DP-Na 


DP-Zn 


HP-Na 


HP-Zn 


<ms%) 


0.01 


0.15 


0.47 


0 


2.03 


1.15 


0 


1.15 


0 


1.05 



WP \*<f BP: V Is&^f * Ws % DP: !)V^t^t/>, HP: yyj^t Kp^ 





500 


700 


900 


1100 


1300 


1500 


(11%) 




7.34 


4.28 


3.46 


2.71 


1.93 



[0029] 

(2SJfe0O3) PLGA/PLA»J ihh <D * t- n KfefcH^lfc 

v> >^^^-9-y*>5mg^l00/i I^tK^^^L. 0.5M^MI&7jc^500^ l 
* fcflfc&D L fco 12000rpm • 5$WW$t'k U ±tS * Bfc* y- n ^ K^ffl «r 

#£ 0 i^ifcJ&l&'Hc, ^T-*<7)^^^m^(7)PLGA^)>2)VMiPU20mg*?#^L7t 
T-feh>^500ul^inU^o 2H^I^tft, £O$£&£400rpm^*#L/i<). 
5%PluronicF687K^«43lllml/min<7>^jg-e27gv'; >v£iIU&Lfc 0 #?>*l 
fc^yjK^-tt, l~2B*WM^«#Lfcj&*&ifc*3K EDTA«rJnx.3tm> BW5>« 
(7^^ centriprepYM-10)-eztil^L7to J S^M^JSrFBS (^vjfc 

^SJfiLVt) /PBS (v/v=l) 4 s KFLGAiftj£ LT500^ g/ml & & £ ? tCjRA U Wffe 
SfrVltfV a - A 00. 5M<OEDTA7X^^(pH8) £#n;i> 20000g-e20?5Sf 

2NcONaOH7fc^ ,: f , ^PLGA/PU^7>^t> HPLC^Tf-y^if^^T- 

^{i^tc^L^i^^, ^fflffrt^KJ: «?BE^affi^o#K=ffi0 (#K200 
2-159190) tcfaiR L j^Tfctt^ fn^f K ?>BDP * * -fr V > 5> 7"n tf * * - b ) 

m±a*?- y ©t-^ &tu $ fix v> & o frd^- u ffimmmzx-mwi ttzi-; 
««bo/^-^ hmm-^mL <mm^fi, ^^cfot^^^fn/f 
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1 B 


2 B 


4 B 


8 B 


11 

B 


20 
B 




27 


53 


64 


79 


97 


98 


100 


PLGA 
G^fl: 10000) 


0 


17 


29 


35 


60 


70 


93 


PLGA 

*mss#^=cD*ft ic ± *> 20000) 


0 


11 


18 


34 


47 


53 


62 


■ML*:*/** (^fitoooo) 


0 


12 


13 


25 


28 


30 


38 


PLA 

a 20000) 


0 


3 


4 


8 


10 


14 


31 



[00301 

m 



10% -r ir ^ Y > £ 1. 5mU8Uert&# t T* Oifc Ltz-^yx oflftJB^ e> 
v^Q77- U 600, OOOce 1 1 s/12we 1 1 L ^ ^ D77- i^SFM^Afe 

(Gibco)^i i)—mmmL±o mmzmzk. mmm3Km^mm^fz?uGAttzii?L 
«f*ti*5^Lfej:d*w % ^ttmt>iz£i)mzmm*e>&wtmm (#11200 

2-159190) Kffi1RLfc3MciSi* < rn<f KOBDP^ALfc^y&^^ti, %)M 

Mfe-emm Ltzj-s & , & x -^2-3 0 %. t -e tio^fo&tb tcjft * ^ l 



^5 •rsm.^&wo&Astc^? P77- ^^o^^^-y-yvgcta^ib 







ft(%) 




4 mm 


10 B# 

m 


1 B 


2 B 


3 B 


5 B 


7 B 




26 


42 


68 


86 


96 


97 


98 


99 




3 


4 


11 


27 


64 


77 


89 


96 



*l^-f ixCDT/n* h PLGA(#^S 10000) K-Cgg®! 
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#Jil30~160gO7il^Lewis^-7 y h x.~t ;W&l£TKT6mg/ml M. Butyric 
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M 1 *^£^t£8l&F«3 Kmt L fc 0 M. Butyricum^4-14 0 # N ^JK#« 
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